The study was undertaken for aortic evaluation and to see its usefulness for assessing aortic aneurysm, aortic dissection and pseudoaneurysm by spiral CT angiography (CTA). A total of 28 patients with aortic aneurysm (n=19), aortic dissection (n=5) and aortic pseudoaneurysm (n=4) were included. CTA findings were compared with ultrasonography in 14, digital subtraction angiography (DSA) in 14, MRI in 9; and surgical findings in 12 patients. CTA was an excellent imaging modality for comprehensive evaluation of aortic aneurysm, dissection and pseudoaneurysm combining the advantage of conventional contrast enhanced CT axial images and those of angiography in the form of 3D reformatted images.
INTRODUCTION
Aortic aneurysm, pseudoaneurysm and dissection are frequently encountered disorders in the cardiovascular practice. 1 The prevalence of abdominal aortic aneurysm is estimated to be 1-4% in the population over the age of 50 years and the overall mortality rate from ruptured abdominal aortic aneurysm is 85-95%. 2 Dissection is the most common acute catastrophe involving the aorta, which occurs by spontaneous longitudinal separation of the media of the aortic wall produced by haemorrhage.
Conventional angiography has long been considered the gold standard for aortic pathology. However, the invasive nature of the investigation has always made a need felt for a noninvasive and widely available method for demonstrating aortic pathology and its branch vessels. Rapid advances in medical technology have made this possible in actual clinical practice through spiral computed tomography angiography (CTA).
MATERIALS AND METHODS
The study was carried out in the department of radiodiagnosis, All India Institute of Medical Sciences, including 28 patients clinically suspected or incidentally diagnosed on ultrasonography or chest x-ray to have aortic aneurysm, dissection or pseudoaneurysm. After taking the clinical history and assessment of the breath holding capacity, the patient was subjected to the spiral CTA (Somatom plus 4, Siemens). Initial non-contrast axial 10mm sections with 15mm interval were taken from the arch to the bifurcation to localize the dilated segment as well as to demonstrate the aortic wall calcification. Contrast enhanced spiral scan was performed only for the aneurysmal segment taking care to include as much of the normal aorta above and below as possible, so that the collimation and pitch could be maintained at the lowest possible for better resolution.
If the patient had dissection, the entire aorta was always included. The total amount of contrast medium used was variable ranging from 100-120 ml. The contrast was injected at a rate of 3 ml/sec into the peripheral vein. Contrast enhanced CT was performed in a single breath hold by taking 3-5 mm collimation with a pitch of 1.5-2 depending upon the permissible scan on spiral mode, length of volume scan and breath holding capacity of the patient. Scan reconstructions were done at 2 mm (overlapping thin sections) for making 3-D images-maximum intensity projection (MIP), shaded surface display (SSD) and multiplaner reformations (MPR).
CTA was reviewed to evaluate the following:
• size and extent of aortic aneurysm, aortic dissection and pseudoaneurysm • aortic wall calcification • presence of luminal thrombus • aortic branch involvement in relation to aortic aneurysm, dissection and pseudoaneurysm
The findings obtained from CTA were compared with the findings of at least one alternative modality like ultrasound (US), DSA, MRI or surgical findings.
RESULTS
Out of 28 patients, aortic aneurysm was found in 19, aortic dissection in 5 and pseudoaneurysm in 4. The age group ranged from 13 to 81 years. No difficulties were encountered in any of the patients regarding the suspension of ventilation during CTA. Aortic opacification was consistently good throughout the scan in almost all cases. Out of 28 patients evaluated by CTA, 14 had undergone ultrasonography, 14 were subjected to DSA, 9 underwent MRI and 12 patients underwent surgery.
Aortic Aneurysm
In 19 patients (17 males and 2 females), thoraco-abdominal aortic aneurysm was most common. (Table I) The maximum diameter of the aneurysm ranged from 3 cm to 14 cm depending on the location of aneurysm. The maximum dilatation was seen involving the abdominal aorta in two patients ( Fig. 1, 2 ). Ascending aortic aneurysm was seen in a Marfanoid young patient, who had a huge aneurysm measuring 9.5 cm diameter. CTA had the advantage of demonstrating aortic wall thickening and calcification. Aortic wall thickening was found in 8 cases (42%), wall calcification in 16 cases (84%), intraluminal thrombus in 14 patients (73%). The origin of aortic branches, which is crucial from surgical point of view was clearly displayed by CTA in axial images (Fig. 3) . CTA showed osteal narrowing of subclavian artery in one, celiac artery in five, superior mesenteric artery in four. Bilateral renal artery stenosis was seen in three and unilateral in six cases. There was 100% agreement of CTA and DSA (n=10) regarding aneurysm site, extent and aortic branch involvement. But CTA was superior in the demonstration of aortic wall thickening, calcification, luminal thrombus and non-invasiveness of the procedures.
Ultrasound was mostly done for abdominal aortic aneurysm. It showed the dilatation of aorta, mural thrombus and aortic calcification. But the extent (mainly proximal) could not be well established and the size of the aneurysm was underestimated.
There was a high concordance rate for evaluating luminal thrombus and osteal involvement of SMA origin. The concordance was poor for renal artery evaluation.
In five patients of aneurysm, CTA features were confirmed at surgery. Involvement of renal arteries in two patients was also confirmed.
Aortic Dissection
Five of the 28 patients had aortic dissection. The age group ranged from 22 to 57 years, mean age 36.4 years. CTA displayed precise details of dissection. These were categorized by De Bakey's system as Type I in one, Type II in two and Type III in two patients.
The intimal flap was identified in all the cases. In four cases, the differential density of contrast in true and false lumina was not seen and the true lumen was compressed by the partially thrombosed and dilated false lumen. In one case the differential contrast density was clearly demonstrated in 3D images (Fig. 4) . Ruptured dissection into the pericardium was seen in one patient. The origin of aortic branch vessels was well depicted in axial images and 3D reformations.
Four patients of aortic dissection were operated and 3 of them had also been evaluated by MRI. The type and extent of dissection was confirmed at surgery in 3 patients. In one patient there was a pseudoaneurysm of the ascending aorta with 'frozen mediastinum' at surgery, which was diagnosed as Type II dissection on CTA (Fig 5) . Aortic branch involvement in the form of osteal narrowing or dissection was excluded in the surgery confirming the findings of CTA in all cases. In one patient CTA was superior to DSA in diagnosing dissection, which was missed on DSA. CTA and MRI findings were similar in four patients.
Aortic Pseudoaneurysm
Four patients, aged 35 to 62 years had pseudoaneurysm.
CTA with 3D reformation clearly displayed the site and extent of the pseudoaneurysm, relationship of the pseudoanerysm to aortic branches and adjacent structures. Osteal narrowing of celiac artery, SMA and renal artery were detected in two patients.
There was 100% correlation of CTA and DSA (n=3) findings for the demonstration of site of pseudoaneurysm origin, but DSA was inferior in displaying the thrombus and exact size of the pseudoaneurysm. US was done in two patients and there was 100% correlation with CTA findings regarding demonstration of the site, neck and thrombus of pseudoaneurysm. But US was poor for evaluation of renal arteries. In three patients, CTA findings of site of origin and extent were confirmed at surgery. In addition, renal artery stenosis was also confirmed in one patient, which was demonstrated by both CTA and DSA.
The etiology of pseudoaneurysm was established in 3 cases as mycotic, inflammatory and traumatic respectively.
DISCUSSION
CT Angiography has largely replaced conventional angiography in the assessment of aortic aneurysm and dissection because it provides all the relevant anatomic information at reduced cost, morbidity and radiation exposure.
A good breath hold on part of the patient was crucial for volumetric data acquisition. No significant difficulty was encountered in any of the patients regarding the suspension of ventilation for 30-45 seconds as per requirement.
In our study, CTA exactly demonstrated the location of aneurysm, its extent and luminal thrombus. There was close agreement of CTA and DSA regarding aneurysm site, extent and aortic branch involvement. However, CTA was superior to evaluate wall calcification and luminal thrombus. The extent of aneurysm, presence of wall calcification, luminal thrombus and branch vessel involvement was confirmed by surgery in 5 patients of aortic aneurysm. The study correlated well with other studies. 3,4,5 Errington et al compared CTA and surgical findings in 22 patients of abdominal aortic aneurysm. For detecting juxta/ suprarenal extension CTA had sensitivity of 100% and specificity of 94.4%. 5 Vicaretti et al compared CT findings with operative findings in 8 cases. The proximal and distal extent of the aneurysm, the anatomic relationship to the renal arteries, the degree of calcification and the presence of mural thrombus were clearly seen in CTA and correlated 100% with operative findings. 6 Ultrasonography was good for screening of the patient with abdominal aortic aneurysm but was poor for the evaluation of renal arteries in relation to the aneurysm.
The type of dissection was established by CTA in all five cases with visualization of the intimal flap and identification of the true and false lumina. CTA and MRI features correlated well in all cases. CTA was, however, unable to demonstrate aortic root dilatation precisely in aortic regurgitation. The main disadvantages of MRI were its long examination time, limited access to the patient, impaired monitoring of vital signs and cost. CTA was fast and easy to perform and less operator dependant. CTA correlation was good at surgery in three patients with dissection. These results were comparable with the study done by Sommer et al, who compared the findings of CTA, transesophageal echo (TEE) and MRI in the diagnosis of aortic dissection. They found 100% sensitivity in the detection of thoracic aortic dissection for all the techniques. Specificity was 100%, 94% and 94% for spiral CT, TEE and MRI respectively. 7 In our study, CTA was false positive in one case, in which CTA diagnosis was Type II dissection but at surgery there was a pseudoaneurysm of the ascending aorta, although CT features were quite convincing of dissection.
CTA clearly displayed the site and extent of aortic pseudoaneurysm in four cases and 100% correlation was observed at surgery in 3 cases. There was 100% agreement in CTA and DSA findings for the demonstration of the site of origin of pseudoaneurysm, but DSA was inferior in displaying the thrombus and exact size of pseudoaneurysm. Renal artery stenosis was clearly demonstrated in two patients by both modalities. Ultrasound was poor in evaluating the origin of renal arteries in relation to pseudoaneurysm.
These results are quite comparable with other case reports of aortic pseudoaneurysm available in the literature. 8, 9 In the study, three dimensional multiplaner reformations in the form of maximum intensity projection (MIP) shaded surface display (SSD) afforded excellent visualisation of the aorta and major branch vessels.
CONCLUSION
Spiral CT Angiography has the advantage of marked reduction in examination time, increased contrast resolution, increased versatility of image from processing, its minimally invasive techniques and fewer potential complications. It is an excellent imaging modality for comprehensive evaluation of aortic aneurysm, dissection and pseudoaneurysm combining the advantage of conventional contrast enhanced CT axial images and those of angiography in the form of 3D reformatted images.
